Introduction: Duplex ultrasound facilitates bedside diagnosis and hence timely patient care. Its uptake has been hampered by training and accreditation issues. We have developed an assessment tool for Duplex arterial stenosis measurement for both simulator and patient based training. Methods: A novel assessment tool: duplex ultrasound assessment of technical skills was developed. A modified duplex ultrasound assessment of technical skills was used for simulator training. Novice, intermediate experience and expert users of duplex ultrasound were invited to participate. Participants viewed an instructional video and were allowed ample time to familiarize with the equipment. Participants' attempts were recorded and independently assessed by four experts using the modified duplex ultrasound assessment of technical skills. 'Global' assessment was also done on a four point Likert scale. Content, construct and concurrent validity as well as reliability were evaluated. Results: Content and construct validity as well reliability were demonstrated. The simulator had good satisfaction rating from participants: median 4; range 3-5). Receiver operator characteristic analysis has established a cut point of 22/34 and 25/40 were most appropriate for simulator and patient based assessment respectively. We have validated a novel assessment tool for duplex arterial stenosis detection. Further work is underway to establish transference validity of simulator training to improved skill in scanning patients. Conclusions: We have developed and validated duplex ultrasound assessment of technical skills for simulator training.
INTRODUCTION
Vascular ultrasound training. On both sides of the Atlantic, there is accumulating data regarding excessive patients mortality at weekends where full hospital care provision is not offered (1) . Duplex scanning for vascular patients is currently performed availability of portable Duplex ultrasound machines (Figure 1 ), there is a growing desire for doctors to be able to perform arterial scanning. It seems logical to consider training vascular specialists in the practical application of vascular Duplex scanning to cover this 'out-of-hours' shortfall. Some work has been done in defining how much practical experience is required to attain competence in ultrasound scanning (4) . Simulation based training in ultrasound is beginning to develop, however there is as yet no development for vascular ultrasound (5) . Skills associated with vascular ultrasound include using B mode as well as colour coded ultrasound. However, quantifying arterial stenosis requires analysis of the Doppler spectrum displayed by selective sampling from the arterial stream by pulsed wave Doppler ultrasound ( Figure 2 ). There is currently no accepted validated and reliable assessment tool for duplex assessment of arterial stenosis. There may be a need to objectify credentialing, as is the case with other vascular skills (6) . The use of standardized tests, perhaps simulation based, may be advantageous over current assessments that are performed on patients. Arterial stenosis detection. There are a variety of skills that need to be learnt before a trainee is proficient in arterial stenosis detection. The operator needs to understand how surrogate physiological markers correspond to degree of stenosis. Also, the operator needs to optimize the Duplex machine settings for Color coded Doppler and Doppler Spectral analysis. Lastly, direct luminal measurements are used to corroborate findings. The physiological basis of stenosis assessment using Doppler spectral analysis relates to the physics of blood flow through a stenosis. Quantitatively, the amount of blood flowing through a stenosis (Q) is described by the following equation:
Where v = velocity and A = cross sectional area. Area reduction in a stenosis is proportionate to velocity increase. This is true until a haemodynamically significant stenosis is reached, following which trickle flow Figure 3) . Hence, the percentage stenosis can be calculated from the ratio of peak systolic velocities at and adjacent to the site of stenosis (peak systolic velocity ratio; PSVR; Table 1 ). Previous in-vitro work has correlated angiographic diameter reduction to PSVR (7) . As practitioners become more skilled at using the ultrasound machine, they will become more adept at optimizing the imaging both for colour and pulsed wave modes. training that should be recorded, they lack content validity as they do not provide an assessment of the technical ability of the individual performing the procedure (9, 10) . The concept of more objective approaches to technical skills assessment is gaining greater acceptance (11) (12) (13) .
In an attempt to improve the validity and reliability of assessment, the objective structured sssessment of technical skills (OSATS) was developed for surgical tasks (14) . This uses a combination of a checklist and global rating scale to assess trainees performing surgical tasks on models. It has been shown to be reliable and have content and face validity. More recently, OSATS has been used in simulated theatre environments (15) . Procedure-specific global rating scales have also been developed, i.e. for sapheno-femoral ligation, long saphenous stripping and multiple avulsions (16 In order for the assessment instrument to function as a formative and summative assessment, the scoring for tasks was set to reflect progression from lower order concepts, through to rule learning and finally synthesis of rule learning principles into higher order problem solving (Figure 4) . More complex educational objectives where given proportionately greater weight in the overall score to reflect this. Pulsatile flow simulator. The Axiom vascular flow simulator (Axiom Medical ltd, London) forces pulses of blood-mimicking solution through a simulated blood vessel, arranged within a tissue 'phantom'. The flow can be regulated in both the forward and reverse direction. This allows any arterial waveform to be easily simulated by individually adjusting timings and flow rates. A simulated variable arterial stenosis is adjustable in the simulated vessel. This stenosis can be imaged in B mode, colour and pulsed wave mode ultrasound, allowing stenosis evaluation. This simulator was used to generate a femoral artery waveform in a straight vessel phantom containing a 75 percent stenosis. This study aimed to establish content, construct and concurrent validity as well as reliability of a novel DUOSAT. . Questions regarding the functioning of the Duplex machine and the simulator were answered. When participants felt they were sufficiently familiar with the machine and the task, they were asked to assess a pre-defined stenosis (70%) in the simulated vessel under femoral artery pulsatile flow conditions ( Figure 5 ). Participants were asked to use both peak systolic velocity ratio as well as diameter reduction to form their conclusions. No restriction to the number of measurements was made, however a single percentage was taken from participants for the purpose of analysis. Video clips of each attempt were recorded for later analysis. Participants were asked to record their stenosis assessment via PSVR and diameter reduction.
METHODS
Percentage error for both assessments were calculated against the actual grade of stenosis. The video clips were evaluated independently by four experienced practitioners in vascular ultrasound (>fours years practical experience) and were scored on the DUOSATS tool. For these simulatorbased assessments, a modifi ed DUOSATS was used; this did not count the patient positioning and reporting fi elds (scoring guidance detailed in the Figure 4) . A 'global assessment' rating was also made on a four point Likert scale (level 1 representing 'Unable to perform the procedure'; level 2 representing 'Able to perform the procedure with prompting', level 3 representing 'Able to perform the procedure with minimum prompting'; and level 4 representing 'Competent to perform the procedure unsupervised'). A four point scale forces raters to take a position and is associated with clearer decision making (17) . The four point Likert scale (with the addition of 0 signifying not enough data available to make assessment) format has been extensively used recently in the context of procedure-based assessments in the UK Intercollegiate Surgical Curriculum Project. The scale has been reported to have a high degree of acceptability by assessors and trainees (18) . Demographic data and experience with ultrasound and specifi cally stenosis detection were recorded. Participants were asked to rate their satisfaction with the pulsatile fl ow simulator on the fi ve point Likert scale. Analysis. Inter-observer reliability between the four assessors was determined using Cronbach's alpha (α). Non-parametric tests were used in all the analyses. Spearman's Rank (R) was used to correlate continuous variables. The Kruskal Wallis test was used to identify differences between the subgroups tested. Construct validity was assessed by comparing DUOSATS scores of expert, intermediate and novice participants. Concurrent validity was assessed by comparing percentage error in stenosis detection (PSVR and diameter reduction method) and overall rating to DUOSATS. SPSS 20 (IBM corporation) was used in the statistical analysis p<0.05 was considered statistically signifi cant. 
RESULTS
Demographic data. There were 23 participants in total, of which 15 were male (65%). Content validity. The DUOSAT was developed in conjunction with two experienced practitioners and trainers in vascular ultrasound and addresses domains considered essential in Duplex arterial stenosis detection according to the principles of content analysis. The device was rated by all participants on a five point rating scale with one given for a poor representation and five for an excellent representation of vascular ultrasound. The scores ranged from 3-5 (median 4), the higher scores coming from the more experienced participants, however this difference was not significant (Kruskal-Wallis p=0.813). Construct validity. The average scores for both DUOSATS and the 'global' assessment were used in all subsequent statistical analyses. Scores for DUOSATS ranged from 18.25 to 33.24 (median 19.6 of a maximum of 45). Calculated PSV ratio's ranged from 0.87-4.83 (median 2.21). The percentage stenosis using diameter reduction criteria ranged from 46-83% (median 70%). Study participants were assessed according to previous practical ultrasound experience (novice n=9, intermediate n=8 and experienced n=6; Table 2 ). There were no significant differences in the DUOSATS score (Kruskal Wallis; p=0.122) or the 'global' assessment (p=0.143) across the three groups. The groups were subsequently analysed according to previous stenosis measurement experience. This analysis identified significant differences with both measures (DUOSATS p=0.004, 'global' assessment (p=0.006).
A further analysis of individual DUO-SATS domains using stenosis measurement experience was performed to establish construct validity for individual items and the results are summarised in Table 3 . Statistically significant fields were acquisition of image in B mode, evaluation of stenosis using Spectral Doppler angle, calculation of diameter reduction and calculation of degree of stenosis. Concurrent validity. When the two measures were correlated, there was a significant correlation between DUOSATS score and 'global' assessment scores ( Figure 6 ) (Spearman's rank correlation coefficient; R=0.737, p=0.000092). The DUOSATS score correlated with stenosis measurement using PSVR criteria (R=0.46, p=0.03; Figure 7 ) but not with stenosis measurement using diameter reduction. criteria (R=0.4, p=0.065; Figure 8 ).
On multivariate analysis, age (contribution is 29.8%, p=0.05) and stenosis detection experience had a significant effect on score (contribution is 43.1%, p=0.008). However, ultrasound experience had no effect on the DUOSATS score (contribution= 1.7% of variance, p=0.861).
Reliability. Four independent expert assessors reviewed the videotape footage of each participant performing stenosis measurement. Assessors were blinded to the identity of the study participant. Inter-observer reliability for DUOSATS and 'global' assessment scores were high (Cronbach's alpha=0.971 and 0.957 respectively). Sensitivity and specificity. A Receiver Operator Characteristics curve (ROC; Figure   9 ) was plotted for the sensitivity and specificity of the test using the scores of those experienced in stenosis detection to determine the cut point in determining competence for this procedure. The area under the curve was 0.895. For various cut points the specificity and sensitivity is shown in Table 4 . It was decided the cut-point should have a high specificity (i.e. less experienced participants were unlikely to be considered competent) trading off for a slightly reduced sensitivity for this test (more experienced participants may not achieve competence in this test. The cut point was set at 22 (out of a possible 34).
DISCUSSION
Regarding assessment instruments, Cook and Beckman discuss that "validity is not a property of the instrument, but of the instrument's scores and their interpretations" (19 sis. These domains should be most closely followed when using the DUOSATS in formative assessment. Careful feedback on these fields may focus and hasten training. ROC data suggests that a score of 22 (out of a possible 34) has high sensitivity and specificity, sufficient for high stakes assessment on the pulsatile flow simulator. We believe that it is reasonable to increase the pass mark to 25 (out of a possible 40) for the 'full' DUOSATS scoring to be used in patient assessment. This data facilitates standard setting in assessing Duplex arterial stenosis evaluation not subject to the 'halo' effect encountered in relative or norm referenced assessment tools. Although this methods of standard setting is itself technically 'norm referenced', we feel that introduction of this skill to a new group of practitioners should not be associated with a decline in overall standards. This approach potentially goes some way to satisfy the fit for purpose, supported by research, easy implement standard of assessment (20). Further validation of the full DUOSATS on patients is underway. We have demonstrated content and concurrent validity. Inter-rater reliability amongst experienced assessors was high, comparing favorably with other objective structured technical skills assessments (14, 15, 21) . Participants rated the simulator highly in terms of satisfaction. This compares favourably with other technical skills simulators (22) (23) (24) . Investigators in a number of technical skills simulation disciples have reported transference of skills from bench top simulators to a human cadaver model 
